Background: An association has been described between mortality in children with meningococcal disease and functional polymorphisms in the interleukin-1 (IL1) cluster. We undertook a multicenter study to evaluate associations of these polymorphisms in a Central European population. Patients and Methods: The study involved 95 Middle European pediatric hospitals. We collected blood samples from, and clinical information about, 285 previously healthy children with meningococcal infection. We used a newly developed multiplexed mutagenic separated PCR assay to analyze 6 polymorphisms within the IL1 cluster: IL1A (؊889)C/T, IL1A (؉4845)G/T, IL1B (؊511)C/T, IL1B (؊31)C/T, IL1B (؉3954), and IL1RA (؉2018)C/T. We studied the same polymorphisms in a comparison group of 481 healthy newborns. Results: Genotype frequencies between patients and the comparison group differed significantly only for the IL1RA (؉2018)C/T variant: The CC genotype was more frequent in patients (11%) than in healthy controls (5%; P ‫؍‬ 0.008). In the patient group, the C allele was significantly more prevalent (67%) in nonsurvivors than in survivors (42%; P ‫؍‬ 0.02). Conclusion: The IL1RA (؉2018)C/T polymorphism is associated with the risk of meningococcal disease and with its outcome.
Fulminant meningococcemia is a life-threatening disease with acute onset, septic shock, and progressive hemorrhagic necrosis of the skin. The mortality rate is variable, ranging from 5% to 20% (1 ), and is highest for patients with severe septic shock and the clinical syndrome of purpura fulminans (2 ) . One of the early characteristics of patients with severe sepsis syndrome is the overactivation of proinflammatory cytokines, leading to unusually high plasma concentrations and to symptoms of septic shock and multiorgan failure (3 ) .
There is a strong genetic component for sensitivity to infectious disease other than exposure to infectious agents. As of this writing, several polymorphisms in candidate genes have been investigated, including the genes for toll-like receptor 4 (4 ), tumor necrosis factor-␣ (5 ), and plasminogen-activator inhibitor-1 (6 ) . Our knowledge of the genetic factors contributing to the genetic susceptibility, however, is limited. Interleukin-1 (IL-1) is the key player in the early innate response to bacterial challenge (7 ) . The IL-1 family (8 ) comprises 3 members: IL-1A and IL-1B, which act as proinflammatory agonists, and their competitive antagonist, the IL-1 receptor antagonist (IL-1RA). It is reasonable to speculate that genetic variations affecting expression activities of members of the IL1 gene cluster represent genetic risk factors for susceptibility and outcome in meningococcal disease.
Several polymorphisms within the IL1 gene cluster have been reported to influence the transcription of IL-1, including polymorphisms within the IL1A gene [(Ϫ889)C/T and (ϩ4845)G/T], the IL1B gene [(Ϫ511)C/T, (Ϫ31)C/T, and (ϩ3954)C/T], and the IL1RA gene [(ϩ2018)C/T]. IL1B (Ϫ511)C/T and IL1RA (ϩ2018)C/T have been associated with either susceptibility or outcome in meningococcal disease in the British population (9 ) . In Great Britain, meningococcal disease is relatively frequent, whereas the incidence in continental Europe is relatively low. Although the reasons for this difference are still poorly understood, we may speculate that environmental factors and genetic background contribute to the different incidences.
Patients. To evaluate the role of polymorphisms within the IL1 gene cluster on the pathophysiology of meningococcal disease in central Europe, we studied patients in a multicenter study in Germany, Switzerland, Italy, and Austria.
Between March 2000 and October 2002, blood samples and clinical data were prospectively collected for patients with meningococcal disease at 95 pediatric hospitals and assembled in the Central European Meningococcal Research (CEMR) Cohort (6 ) . In addition, archived blood samples and clinical data from 24 patients from 8 centers, collected during the planning stage of the study before March 2000 (6 ) , were included in the study. In total, 285 patients could be tested. The 24 patients whose blood samples had been archived did not differ significantly from the rest of the group by age or any other variables.
The age at disease onset varied from 1 month to 27 years (median age, 35 months). The patients tested included 147 men and 138 women. Clinical information was collected from each patient according to a defined protocol (demographic data, diagnosis, and outcome) (10 ). Categorical variables (e.g., genotypes) were compared by 2 test, and Yates correction was applied in case of 2 ϫ 2 tables. Calculations were performed with the SPSS statistical software package, Ver. 12.0 (SPSS Inc.). (Table 1) or between survivors and nonsurvivors. Allele frequencies of all polymorphisms within the control group were similar to previously published results (9, 11, 12 ) .
Only the distribution of the IL1RA gene polymorphism at position (ϩ2018) differed significantly between patients and controls (Table 1) . Among patients, the rare C/C genotype was more frequent (10.9%) than among the control population (5.4%), yielding a 2-fold increase in the odds [95% confidence interval (CI), 1.1-3.4] for C/C carriers to get meningococcal disease. Heterozygous C/T carriers showed no significant increase in risk (odds ratio ϭ 0.8; 95% CI, 0.6 -1.1) compared with T/T carriers. In total, 21 patients suffered fatal outcomes: 14 of them carried the C/T or the C/C genotype, and 7 were homozygous T/T. Among nonsurvivors, carriers of the IL1RA (ϩ2018)C allele (either C/T or C/C genotype) were overrepresented (66.7%) compared with survivors (42.5%), giving a 1.5-fold increased risk for fatal outcome in C-allele carriers (95% CI, 1.1-2.2; P ϭ 0.054, 2 test after Yates correction). Probably because of the small number of nonsurvivors, we found only 1 individual homozygous for IL1RA (ϩ2018)C/C. Of all C-allele carriers, 4.8% (6 of 125) required amputation or major skin transplantation, which was comparable to T/T homozygotes [3.8% (6 of 158); P ϭ 0.54]. Interestingly, the Glasgow Meningococcal Septicaemia Prognostic Score (GMSPS) (13 ) was higher in C-allele carriers. Whereas only 6.8% (9 of 132) of T/T homozygotes had a score Ն8 on admission to the hospital, 19.3% (21 of 109) of all C-allele carriers had scores Ն8 (P ϭ 0.007).
According to our data, genetic variants within IL-1RA, the physiologic antagonist of proinflammatory IL-1A and IL-1B, might be associated with an increased susceptibility for meningococcal disease. Individuals homozygous for the IL1RA (ϩ2018)C/C genotype had a 2-fold increased risk for suffering meningococcal disease. In contrast to disease susceptibility, the disease outcome seemed to be worse in heterozygous and homozygous IL1RA (ϩ2018)C allele carriers. We did not find any associations between polymorphisms within the IL1B gene and susceptibility or outcome in meningococcal disease (9, 14 ) . Our data are supported by an observation of Santilla et al. (15 ) , who reported that genetic variants within the IL1RA gene are associated with markedly increased IL-1B concentrations, whereas genetic variants within the IL1B gene were of less biological relevance for IL-1B up-regulation.
In summary, we propose that genetic variants within the IL1 cluster modulate the manifestation and outcome of meningococcal infection in a patient population with low prevalence of this disease.
